The mortality of a census population and a prospective cohort of men employed on an antimony smelter in the north east of England was followed up from . The workers studied were exposed to a variety of agents including antimony and its oxides, arsenic and arsenic oxides, sulphur dioxide, and polycyclic aromatic hydrocarbons. There has been considerable debate about the possible carcinogenicity of antimony compounds. The data available are not plentiful and the few laboratory studies have shown conflicting results.
There has been considerable debate about the possible carcinogenicity of antimony compounds. The data available are not plentiful and the few laboratory studies have shown conflicting results.
In the first of these, an inhalation study conducted by Watt, lung tumours were reported in female rats exposed to antimony trioxide.1 Female miniature pigs similarly exposed did not develop tumours. The scientific design of the study has been criticised and the accuracy of exposure measurement questioned. ' A rat study by Groth et al reported lung tumours in 27% of the exposed females but no evidence of carcinogenicity was found in exposed male rats.3 Once again the control of exposure levels in this study has been questioned, but there also seems to have been a confounding exposure to arsenic.
Newton and Daly later reported a one year inhalation study in Fischer 344 rats examining the results of exposure to 0, 0-05, 0 5, and 5 mg of particulate antimony trioxide per m3 of air with 65 male and 65 female animals in each exposure group. 4 Neoplasms occurred sporadically in both treated and control animals.
From these data it can be concluded that the carcinogenic effect of antimony trioxide in animals is to say the least inconclusive.
This paper describes the only substantial human study to date. It was originally set up by the local Medical Inspector of Factories in 1961, after anecdotal suggestions of a link between exposure to antimony and death from lung cancer in men employed at another factory in the north west of England.
Subjects and methods

BACKGROUND
The population studied was recruited from an antimony works in the north east of England where roasting of antimony ore goes back some 60-70 years. Work practices and raw materials have altered over the years with fluctuations in the availability of particular ores and world demand for antimony compounds. Antimony ore brought into the site has been used to produce antimony metal, antimony alloys, and antimony trioxide.
Until the early 1970s there had been a considerable demand for antimony as a constituent of lead alloys in the manufacture of lead acid batteries. Such alloys were made in considerable quantities containing as much as 80% lead and 10% arsenic. With the rapid decline in manufacture of this type of accumulator the market for antimony metal all but disappeared so that antimony metal and its alloys were not made on this site after 1973.
Although antimony oxide was used in paints and alloys before the war, it was in the early 1950s that its use as a flame retardant began, thereby considerably increasing demand for the compound. The antimony plant is currently dedicated to manufacture of the trioxide.
At different times various ores have been used but over the past 30 years or so the bulk of the ore imported has been a South African sulphide ore containing about 60% of antimony and up to 0 5% of arsenic. Ores were usually roasted in open hearth, rotary, or blast furnaces before the revolatilisation of the roasted product to produce good quality trioxide of antimony: but different techniques were used at various times.
During the years when arsenical antimony was being manufactured the arsenic content of the ore was not sufficient to make the richer arsenic alloys, so that arsenic metal and its trioxide were brought in to do this. Thus men working in the antimony plant would have experienced variable occupational exposure to lead, metallic antimony, metallic arsenic, antimony trioxide, and arsenic trioxide. There would also have been exposure to the many products of combustion in the various furnaces used, including emissions of polycyclic aromatic hydrocarbons. Also, the sulphide content of the ore would have given rise to exposure to sulphur dioxide.
The actual size of the workforce has varied over the years. In the past it would have comprised some 200 men working a four-shift system, and an additional 40 day workers. Now the company operates a three-shift system, employing only 21 shift workers and an additional 10 day workers. Thus the actual workforce employed on antimony has decreased from around 240 in the 1950s to some 30 or so now.
The other main activity carried out on site, and the only substantial non-antimony process, is the milling of zircon sand. The sand is imported from Australia and is either dry or wet milled. Table 1 shows the overall mortality, and mortality from selected causes for the four occupational groups. There is an excess of all neoplasms in the antimony workers (69 v 54-7, P = 0-07), due to a significant excess of lung cancer (37 v 23-9, P = 0-016). There is an excess of all neoplasms for maintenance men (34 v 18-2, P = 0-002) due to an increase in mortality from lung cancer (15 v 8-1, P = 0-038), and other neoplasms (18 v 8-4, P = 0-006), but not for stomach cancer (1 v 1-7).
There is a deficit of mortality from all causes in the zircon workers that does not seem to be due to a favourable outcome from any particular disease group. The antimony and maintenance workers show evidence of a healthy worker effect for ischaemic heart disease. There is no evidence of any such beneficial effect for respiratory disease, indeed the maintenance workers have a non-significant excess of mortality in this category. (13 observed v 7-5 expected, P = 0-086). Table 2 shows observed and expected deaths from lung cancer separating employees who joined before 1 January 1961 and those who joined after 31 December 1960. For the antimony workers before 1961 there is a significant excess of lung cancer (32 v 14-7, P < 0-001). A significant excess is also seen in the maintenance workers before 1961 (12 v 5-3, P = 0-016). Evidence of an excess of lung cancer is not found in the zircon and miscellaneous groups, nor in any of the groups recruited after 31 December 1960. Table 2 shows that over 60% of the expected mortality from lung cancer for the whole survey population is in the antimony and maintenance workers before 1961. This reflects the relatively large proportion of manyears at risk contributed to the study by these groups. Table 3 shows deaths from lung cancer in antimony workers by calendar year of first exposure to antimony. It shows an excess in Table 4 shows the analysis of deaths from lung cancer in antimony workers by years since their first exposure to antimony. It can be seen that < 20 years after first exposure there is no excess of lung cancer but that after this a significant twofold excess emerges. Table 5 presents the mortality of antimony workers from lung cancer by years of exposure. It shows no trend of greater risk with increased years of exposure.
Discussion
The survey was set up to test the original hypothesis that an excess of lung cancer was being experienced by the antimony workers at this plant. The results of this mortality analysis show a significant excess of lung cancer among antimony smelter workers, and maintenance workers. The excess in smelter workers is confined to those joining before 1961 and the excess in lung cancer does not appear until 20 years after first exposure to the antimony process. There is an excess of lung cancer for workers first exposed in all the five-year calendar periods before 1960. These results suggest that before 1960 antimony workers were exposed to some carcinogen in the workplace. Because at this stage of follow up very few of the employees after 1960 were first exposed to the antimony process >20 years previously, and because the lung cancer excess does not show until 20 years after first exposure, it is not possible to be certain whether this carcinogenic effect persisted after 1960. The analysis of mortality by time since first exposure to the process (table 4) does not suggest an increasing effect after a 20 year latency, so that the relatively smaller excess seen for people first exposed in the late 1950s may indicate a lessening of carcinogenic exposure. When considering the results from the population before 1961 shown here, it must be remembered that this particular group is a census population and will be subject to survivor bias-that is, this group will selectively include several men who have worked at the plant for a substantial time, and individuals who for various reasons (including ill health) have left the job after shorter spells of employment will be underrepresented. Thus people surviving any rigours or hazards of such employment will be over-represented in the population before
1961.
It is generally accepted by occupational physicians that because of the need for maintenance personnel to work in many different areas and attend to plant at times of malfunction and breakdown, their exposure to hazardous agents in the workplace may be at least as great and sometimes greater than that of the operators. The finding of an excess incidence of cancer among maintenance workers is therefore consistent with the original hypothesis of an excess of lung cancer in smelter workers.
The true relevance of the excess of all neoplasms among maintenance staff is less clear. Firstly, any excess in these cancers was not an original hypothesis and secondly, other neoplasms is not a specific disease group. My view is that it would not have been correct to present expected rates for disease groups other than those determined before analysis. Subsequent to the results of the analysis being seen, however, inspection of the coded underlying causes of death for the 18 other neoplasms in maintenance men showed that six of these were due to cancers of the large bowel. This is most likely to be a spurious finding but it might stimulate examination of other relevant studies and data sets.
The lack of any healthy worker effect for respiratory disease in antimony, maintenance, or zircon workers is interesting and contrasts with the favourable mortality experienced by the antimony and maintenance workers for ischaemic heart disease. This may be indicative of a non-specific occupational effect on mortality from respiratory disease, but the small numbers involved do not allow any further inference.
From the data here it is not possible to implicate any particular substance evolved during the smelting process but the evidence for excess lung cancer in workers smelting copper ore containing arsenical impurities is well documented.67 Exposure to arsenic fume and arsenic trioxide have probably been responsible for some, and possibly all, of the excess of lung cancer found in this population. There are also other possible confounding factors. Blast furnace emissions would have included polycyclic aromatic hydrocarbons some of which are known carcinogens. Some of the men would have spent some time working in the local ship building industry and thereby received occupational exposure to asbestos. This cannot be a pure confounder in itself because the same holds good for the zircon workers. This asbestos exposure, however, could well have acted synergistically with whatever carcinogenic agent was associated with smelter work and thereby increased the potency of that exposure.
Smoking data on this group of men show that as yet all lung cancer decedents whose smoking habit was known were smokers, but given the prevalence of that habit during the time of recruitment of this population, this is not especially surprising, particularly if the carcinogenic agent operated synergistically with smoking. (The prevalence of smoking among workers in 1961 was 72%.) To explain the excess mortality from lung cancer found here by an increase in smoking habit, one would have to postulate a 100% smoking habit in these men at an above average tobacco consumption. This would be extremely unlikely and the absence of any excess of lung cancer among the zircon workers who were drawn from the same population would suggest that the excess of lung cancer in the antimony workers must be explained by some occupational factor. Over the study period there have been improvements in plant and greater attention paid to the problem of fume exposure which have considerably reduced the exposure to various substances emitted during the roasting and smelting of ores. Hopefully this, with the end of the manufacture of arsenic alloy, will have greatly reduced, if not eradicated, any carcinogenic hazard in the antimony plant. Because of the latent period between exposure and death from lung cancer, however, it is not possible to draw valid conclusions about the current existence of any carcinogenic risk.
Weaknesses of the study include the absence of good data on levels and type of exposure or smoking habit. The manner in which the population is structured means that for the population before 1961 there is inevitably some confounding between years of exposure, time since exposure, and calendar period of first exposure. The inadequacy of even a 20 year follow up when assessing a carcinogenic effect with considerable latency, has already been discussed. The study would have profited from a larger non-antimony exposed group than the zircon population can provide. Maintenance staff would have worked on the antimony plant at times of breakdown of equipment and in situations particularly likely to allow exposure to raw materials and byproducts, as well as end products themselves. Given the excess of lung cancer in the antimony workers a similar finding in the maintenance men is not, therefore, surprising.
In conclusion, the study shows an excess of lung cancer among production and maintenance workers at an antimony smelter where exposure to arsenic compounds would also have occurred. This excess of lung cancer is significant in people who have worked in the smelting process and approaches a threefold increase in the population before 1961. The results are consistent with a carcinogenic agent having a latency of 20 years. It is not yet possible to be certain whether the excess of lung cancer that existed before 1961 has persisted in the population after 1960. This paper has been made possible by the work of many. It is not possible to mention all those who have contributed to the project over the years but without their substantial contribution this paper could not have been written. I would like to thank OPCS for their invaluable help without which efficient follow up of the population could not have been achieved. I also acknowledge the cooperation of the company management and trade unions. Dr M Greenberg has provided valuable information on the history of the study, and I am grateful to Professor R I McCallum CBE for his advice and comments.
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